High spectral resolution (R ∼ 40 000) and signal-to-noise optical spectra, obtained at the Very Large Telescope (VLT), are presented for three post-asymptotic giant branch (AGB) candidates selected from the Edinburgh-Cape (EC) Faint Blue Object Survey. The stellar atmospheric parameters and chemical compositions, derived using sophisticated non-local thermodynamic equilibrium calculations, reveal that EC 14102-1337 and EC 20068-7324 are both in an evolved post-horizontal branch (HB) evolutionary state. However, EC 11507-2253 is most likely a post-AGB star.
I N T RO D U C T I O N
Planetary nebulae (PNe) are believed to originate from low-to intermediate-mass stars (∼1-8 M ), which undergo extensive mass loss during their asymptotic giant branch (AGB) phase of evolution. Analyses of the chemical compositions of their atmospheres and ejecta provide information about nucleogenesis processes in the stellar interiors and shed light on mechanisms whereby products are transported to their outer envelopes (so-called dredge-up events). Observed abundances of He, C, N and to some extent O carry the imprint of nuclear processing, while the abundances of Ne and heavier elements provide information on the chemical composition of the interstellar medium at the time and place where the progenitor star was formed. As a result, the study of PNe provide information not only on the chemical evolution of the older stellar population, but also on the chemical enrichment of the interstellar medium and the subsequent chemical evolution of the parent galaxy (see e.g. the review by Aller 1994) .
Nebular emission lines have been used extensively to estimate abundances in PNe ejecta (see Aller, Hyung & Fiebelman 1996 and references therein). However, the chemical compositions determined from such nebular observations will not provide accurate measurements of the true PNe abundances, for two reasons. First, much of the ejected material will be locked up in grains (especially for the refractory elements such as Si, Fe etc.) and hence is not detectable via emission line spectroscopy. Secondly, there will be E-mail: b.lynn@qub.ac.uk (BBL); f.keenan@qub.ac.uk (FPK) unobserved ionization stages in any nebular spectrum, leading to underestimates of the total element abundances (Aller 1994) .
In principle, the above problems can be overcome by determining element abundances for the central star in the PNe, which will be unaffected by grain accretion or unobserved ionization stages. However, these stars are usually very hot, showing few lines suitable for detailed abundance studies, and in addition the stellar spectra may be obscured and blended with the nebular emission. As a result, abundances for the central stars of PNe are generally not well determined and are restricted to a few elements such as He and O (see e.g. Heber, Werner & Drilling 1988; McCarthy et al. 1991; Walsh & Walton 1996; Hyung, Aller & Feibelman 1999) .
A potentially superior method for determining abundances during the later stages of stellar evolution is provided by proto-PNe stars. These objects have passed through the AGB and hence are also known as post-AGB stars. Their evolutionary time-scale typically lasts between 10 3 to 10 5 yr, during which time they undergo no additional chemical evolution (Schoenberner & Bloecker 1996; Mowlavi 1999) . Hence, the stellar abundances of post-AGB objects provide accurate measurements of PNe compositions. In particular, B-type post-AGB stars (with effective temperatures in the range ∼15 000-30 000 K) will show optical spectra rich in absorption lines, suitable for measuring abundances for a large number of elements. Such stars are also not hot enough to excite their circumstellar material, so their spectra are not contaminated by nebular emission features.
Here, we present high-resolution, moderately high signal-to-noise (∼30) data for three faint (V > 15) post-AGB candidates taken from the Edinburgh-Cape (EC) Faint Blue Object Survey . The EC Survey is a large-scale project aiming to observe all stars with 11 B 16.5 and (U − B) −0.5 (i.e. spectral types earlier than ∼B6) in an ∼10 000 deg 2 area of sky at high Galactic latitudes (|b| 30
• ). To date, UBV photometry and intermediate-resolution ( 3.5-Å full width at half-maximum) spectra have been obtained for well over 2000 stars, using telescopes at the South African Astronomical Observatory and University of Cape Town. Analyses of the neutral H and He lines in the spectra have allowed us to derive stellar effective temperatures and surface gravities (Kilkenny et al. 1997) , and hence reliably identify the post-AGB candidate objects from their positions in the Hertzsprung-Russell diagram. The results of model atmosphere analyses of the three target objects are presented in an attempt to elucidate their evolutionary status.
O B S E RVAT I O N S A N D DATA R E D U C T I O N
The observations presented in this paper were taken during 2001 July 1-3 and used the Ultraviolet Visible Echelle Spectrometer (UVES) on the Very Large Telescope (VLT) UT2 (Kueyen). A total of three stars from the EC Survey were observed in wavelength ranges from 3760-4980 and 5730-6910 Å. With a slit width of 1 arcsec, this provided a resolution of R = 40 000, or 7.5 km s −1 at ∼4000 Å. The targets are summarized in Table 1 , where they are grouped with their comparison object employed in the differential abundance analysis (see Section 4), and example spectra are presented in Fig. 1 . The data were obtained simultaneous to the VLT observations described in Lynn et al. (2004) , to which the reader is referred for details of the data reduction.
M E T H O D S O F A NA LY S I S

Radial and rotational velocity and equivalent width measurement
Radial velocities of the target objects were determined from the Doppler shifts of strong metal lines in their spectra. Heliocentric corrections were applied and the velocities corrected to the local standard of rest, giving radial velocities of v lsr = +244 km s The equivalent widths of all unblended metal lines were measured using the non-linear leastsquares fitting routines in DIPSO (Howarth, Murray & Mills 1994) , which employed Gaussian fits to the line profile shapes. Continuum locations were estimated by fitting low-order (n < 4) polynomials in the regions of spectra free from absorption features. The high quality of the observational data allowed equivalent widths as small as approximately 10 mÅ to be reliably measured. Equivalent widths of the non-diffuse He lines and unblended metal lines are given in Table 2 . Full line lists for the comparison stars used in the analysis of the post-AGB candidate target stars, HR 5595 and HD 164353, can Table 2 . Equivalent width measurements for non-diffuse He and metal lines in the spectra of the target stars. The measurements have been assigned error estimates as follows: a, error probably less than 10 per cent; b, error probably less than 20 per cent; and c, uncertain values. These are based on the quality of the fits and the range of equivalent widths estimates deduced using different profile shapes and continuum polynomials. As a demonstration of their suitability as comparison objects, the equivalent widths of the lines in the standard stars common to both target and standard stars are given also. be found in Hambly et al. (1996) and Lennon, Dufton & Fitzsimmons (1992) , respectively. The equivalent widths of the lines in these standard stars common to both target and standard object are listed in Table 2 also.
For the H and diffuse He lines, the spectra were normalized as described above, but the larger wavelength extent of the H lines requires that extra care be taken with the normalization. A fixed distance from the line centre is assumed to be a sufficiently close approximation to the continuum and the Balmer line is normalized from this point outwards. An example normalized H line (H δ in the spectrum of EC 11507-2253) is shown in Fig. 2. 
NLTE model atmospheres
Techniques similar to those employed by Ryans et al. (2003) were used for the analysis of the objects in this paper. A grid of non-local thermodynamic equilibrium (NLTE) model atmospheres suitable for the analysis of B-type stars was generated using the TLUSTY code (Hubeny 1988; Hubeny & Lanz 1995; Hubeny, Heap & Lanz 1998) . The grid covered a range of effective temperature (13 500 K T eff 35 000 K), with logarithmic gravities from log g = 4.5 down to the Eddington stability limit, and microturbulent velocities between 0 and 30 km s −1 . Models were calculated within this parameter space at increments of 1500-2500 K, 0.25 dex and 5-10 km s −1 in T eff , surface gravity and microturbulence, respectively, for solar He and Fe abundances, and metal Fe abundances covering a range of ±0.8 dex from the baseline abundances (Dufton et al. 2005) . The web page http://star.pst.qub.ac.uk/∼pld/tlusty.html contains further information on the model grids used. The models, which contained H, He, C, N, O, Mg, Si, S and Fe, assumed a plane-parallel geometry with both hydrostatic and radiative equilibrium and provide for fully consistent, NLTE metal line blanketing. As discussed in Ryans et al. (2003) , the models excluded Ni due to limits on available computational power. However, this is unlikely to be a source of significant error because the majority of the opacity in the regime of interest is attributable to Fe (Hubeny et al. 1998) .
The line formation calculations were performed using the code SYNSPEC, which both calculates level populations whilst allowing for departures from LTE and also computes the emergent line profiles and fluxes. Spectra were generated for each NLTE model and line equivalent widths were measured for each feature of interest. The resulting grids of equivalent widths were then interpolated using linear and low-order polynomial fits to obtain abundances for our programme stars.
S T E L L A R AT M O S P H E R I C PA R A M E T E R S
The list of targets analysed is given in Table 1 , where they are grouped with their relevant comparison object employed in the differential analysis. One of these comparison objects, HR 5595, has been used as a standard star in numerous LTE B-type model atmosphere analyses (see, for example, Hambly et al. 1996 , which also contains a complete line list for the object) but has been reanalysed in NLTE for consistency with the abundances obtained for the target objects. The new atmospheric parameters for HR 5595 were determined from balancing the abundances obtained for Si for two adjacent ionization stages, providing a consistency with the methodology used to obtain the temperature of the target stars. An abundance analysis was then performed in exactly the same manner as for the target objects. The other comparison object, HD 164353, was selected from a list of Galactic supergiants for which high-resolution spectra are available (McErlean, Lennon & Dufton 1999) . The line list of Lennon et al. (1992) enabled a T eff determination to be performed using the Si II/III ionization balance. Profile fitting to the normalized Balmer lines in the object spectra gave a log g estimate. An abundance analysis was subsequently performed with the newly derived T eff and log g parameters.
EC 11507-2253, the target object for which HD 164353 was used as a comparison object, has no Si lines in its spectrum and its T eff was determined from assuming a normal He abundance. For consistency therefore, the T eff of HD 164353 was re-determined from assuming a solar He I abundance, but was found to be the same as that found from the Si II/III ionization balance.
The results of the complete NLTE absolute abundance analysis for the comparison objects are presented in Table 3 , while results for the target stars are given in Tables 4 and 5 . Abundances obtained for C used the 4267-Å line and are deficient by approximately 0.5 dex for all objects, most likely attributable to the limitations in the model Fe employed in the analysis (Sigut 1996 ).
An attempt was made to determine the microturbulent velocity, ξ , of the target objects, but the number of absorption features were deemed insufficient and no clear relationship between line strength and abundance for a given element was obtained. For this reason, we took a pragmatic approach and adopted a microturbulence of 5 km s −1 throughout our analysis. This may be slightly too low for the 
post-AGB star and too large for post-horizontal branch (HB) stars in our sample. For example, Mooney et al. (2004) found values of ξ 10 km s −1 for a sample of three post-AGB objects. However, the uncertainties in the obtained abundances should be less than ∼0.3 dex assuming an error in ξ of ±5 km s −1 .
Classification of objects
EC 11507-2253
The low v sin i obtained for this object was immediately suggestive of an evolved status because the probability of pole-on viewing is very low, approximately 1 in 10 000. A general lack of metal lines (Bertelli et al. 1994; Sweigart 1987; Dorman, O'Connell & Rood 1993; Schonberner 1993, respectively) .
suggests an elemental depletion in the photosphere of the star, which is confirmed by the absolute analysis. This also made a determination of the ξ parameter difficult. The position of the object on the Kiel diagram (Fig. 3 ) between post-AGB tracks suggests a post-AGB status. The mass of the object may be estimated from the same Schonberner (1993) evolutionary tracks depicted on the figure as being ∼0.55 M .
In van Winckel (1997) , three main groups of post-AGB objects are outlined and categorized according to photospheric abundances. Whilst the classifications are made based on observations of F-type post-AGB objects, they are still of use in classifying post-AGBs of earlier spectral types. With this in mind, EC 11507-2253 fits well into the third group of post-AGB objects described by van Winckel et al. (1997) , mainly stars which display a general elemental depletion indicative of an origin in an old stellar population. The depletion of ∼1.5 dex in Mg and C is similar to the depletions in these elements found in the sample of post-AGB objects analysed by Mooney et al. (2004) , in particular the objects M10 ZNG-1 and M15 ZNG-1. Conlon, Dufton & Keenan (1994) discuss the post-AGB object Barnard 29 and also find similar metal depletions. McCausland et al. (1992) also found a severe (−1.0 to −2.0 dex) underabundance of C in their sample of B-type post-AGB objects, similar to that observed in EC 11507-2253. Note that the C underabundance is similar to that observed for Mg, suggesting that the C abundance has not been strongly affected by dredge-up events and that the star possesses a uniformly low metallicity. This is worrying when considering that the model atmosphere used in the analysis had a solar Fe abundance. If this star is metal weak, as it certainly appears to be, then the amount of line blanketing in the theoretical model exceeds that in the object, resulting in a hotter temperature estimate for EC 11507-2253 than would be found using a low-metallicity theoretical model. Lowering the temperature (and the gravity, because the two parameters are dependent on each other) of the object, even by a substantial amount, still leaves the star well within the post-AGB area of the Kiel diagram. Repeating the analysis using a lower metallicity model poses difficulties also, because no Fe lines are present in the spectrum of the object.
The assumption of a solar He abundance was necessary to obtain atmospheric parameters for this object, but there is the possibility that the star possesses an anomalous atmospheric He abundance. A viable alternative would be to use a non-spectroscopic method for determining the objects effective temperature, such as Strömgren photometry, but this must be deferred for the present.
EC 14102-1337 and EC 20068-7324
EC 14102-1337 and EC 20068-7324 both possess very low rotational velocities (v sin i 5 km s −1 ), making an evolved status highly probable. Their position on the Kiel diagram is indicative of a post-HB status, because a young main-sequence nature has effectively been excluded. The NLTE differential abundances (using the comparison star HR 5595) are all close to solar, with the exception of the ∼0.5 dex depletion for Mg in EC 14102-1337 and a C deficiency of over 1.2 dex in both stars. This suggest that the stars have been through the first convective dredge-up of nucleosynthesis products such as occurs at the base of the red giant branch and causes an increase in the N abundance at the expense of C, with O remaining largely unaffected. No N abundance increase is discernible in either object, however the N abundances quoted are from single line measurements and so the errors on the abundances are indeterminate.
The He profiles in the theoretical spectra are noticeably stronger than those observed in the target stars. To clarify to what extent the stars are He deficient, new NLTE models were computed by TLUSTY with varying He abundances. The models contained only H, He and Fe, and as such were useful only for estimating the He abundance. We assumed that the determination of the atmospheric parameters using normal-He NLTE models and then changing the He content of the models will not affect the derived parameters. Similar methodology has been employed in the past using LTE techniques (Dufton et al. 1993 ) and the method presented here is clearly superior, so we believe our results to be valid. The effect of using model atmospheres that have all the metal Fe abundances bar Fe set to zero on the derived atmospheric parameters was assessed by redetermining the T eff of EC 11507-2253 using a grid of such models and making the assumption of a normal He abundance, as discussed above. The derived parameters were found to be identical to those derived previously, listed in Table 1 .
The stars were both found to be approximately 1.0 dex depleted in He. The comparison stars used in the analysis both possess normal He abundances, but this does not impact our differential analysis because no direct comparison of the He line strengths was made. In Lynn et al. (2004) , a number of He-deficient post-HB stars are discussed, all of which share some important properties that permit the gravitational settling of He to occur, namely a low v sin i and stable outer atmosphere (Michaud, Vauclair & Vauclair 1983) .
In conclusion, the depletions in He and possibly C combined with the low v sin i and the locations of the objects on the Kiel diagram (Fig. 3 ) all point towards a post-HB status for both these stars, with some evidence for the gravitational settling of He.
C O N C L U S I O N S
EC 14102-1337 and EC 20068-7324 have been found to lie on the post-HB evolutionary tracks and to show the effects of gravitational settling of He, most likely a consequence of their low measured rotational velocity. The remaining star, EC 11507-2253, has been found to be a post-AGB object with a low metallicity.
